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ABSTRACT 
Integrated Ocean Drilling Program Expedition 339 drilled contourite deposits in the Gulf 
of Cádiz and West Iberian margin. These recovered sedimentary successions provide key data 
for examining the development of the Mediterranean Outflow Water and the subsequent 
evolution of a complex contourite depositional system. In this study, the major terrigenous 
mineral phases at Sites U1387 and U1389 were identified to define sediment composition and 
interpret its provenance. Temporal changes in sediment composition are analyzed to ~300 kya to 
identify changes in provenance, continental weathering regimes, and/or dispersal patterns.  
The shipboard age model was used to assign sediment ages using a constant 
sedimentation rate of 25 cm/ky for Site U1387 and 40 cm/ky for Site U1389. The samples 
investigated range from Recent to 300 kya, with a sampling interval of ~4 ky. Randomly 
mounted pressed powder samples were examined using x-ray diffractometry to identify bulk 
mineralogy. Semiquantitative mineral abundances in each sample are estimated by comparing 
the ratio of a mineral’s selected peak area to that of the 4.26Å quartz peak.  
Preliminary results show that the primary mineral phases include: quartz, calcite, 
dolomite, aragonite, feldspar, and a variety of clay minerals. This composition is consistent with 
onshore lithologies, as well as shipboard XRD results. At Site U1389, calcite and 7Å intensity 
ratios are higher in interglacial periods while dolomite decreases. Site U1387 samples show 
higher dolomite/quartz values in the glacial period measured (MIS 8). This illustrates preferential 
deposition of calcite and the 7Å clays during times of weakened MOW flow at a site, and 
preferential deposition of dolomite and quartz during times of strong MOW flow at a site. This 
difference in behavior may be controlled by the relatively smaller grain size of calcite and the 7Å 
clays compared to quartz and dolomite. 
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INTRODUCTION 
The goal of this project was to investigate how mineralogy can be used as a proxy to 
interpret shifts in the paleocirculation of a bottom-water current in the Gulf of Cádiz. Known as 
the Mediterranean Outflow Water (MOW), the bottom-water current exits as a water mass at the 
Straits of Gibraltar, a narrow and shallow connection between the Atlantic Ocean and the 
Mediterranean Sea. The MOW influences the formation of the North Atlantic Deep Water, 
which impacts the Atlantic Meridional Overturning Circulation and subsequently, global 
thermohaline circulation. Yet despite the MOW’s integral role in global climate variation, its 
influence is still poorly understood (Bozec et al., 2011).  
 From November 2011 to January 2012, Expedition 339 of the Integrated Ocean Drilling 
Program (IODP) drilled five sites in the Gulf of Cadiz. The expedition’s objective was to 
determine what role the MOW’s variability plays in global climate. In these areas of high 
sedimentation rates, bottom-water currents that flow along bathymetric contours have the ability 
to form expansive, laterally continuous sedimentary bodies called contourites. These deposits 
have recently become the subject of increasingly more research.  
Despite their widespread distribution, contourite depositional systems in the Gulf of 
Cadiz and around the world have not received significant attention until recent years. Found on 
most continental margins, contourite deposits are widespread and abundant. However, proper 
identification can be a complex task, especially in ancient rock deposits now exposed on land. 
(Rebesco, 2014; Hunecke and Stow, 2008). Indeed, while a contourite facies model has existed 
since the early 1980s, modifications continue to be made as new information regarding these 
poorly understood deposits is uncovered (Stow and Faugères, 2008). The primary consistent 
factors among contourite facies models are two-fold: (1) pervasive bioturbation and (2) 
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bigradational grading: a coarsening upward sequence tied to an increase in current velocity, 
followed by a fining-upward sequence as a result of the successive decrease in current velocity  
(Figure 1).  
 
 
 
 
 
 
 
 
An understanding of contourite deposits is significant for numerous areas of scientific 
interest. First, research on these deposits can assist with geohazard mitigation. The composition, 
structure, and locations of contourite deposits are all conducive to eventual liquefaction. This 
leads to slope instability and rapid subsea mass wasting events, exacerbated by the wide areal 
extent of these features (Lee and Baraza, 1999). These events can be catastrophic, especially in 
areas with subsea infrastructure. A better understanding of the processes that form these deposits 
will enhance our ability to identify the deposits most susceptible to failure. 
Next, contourites are of great interest to paleoceanographers and paleoclimatologists. 
Located in areas with high sedimentation rates, these deposits provide continuous, high-
Figure 1 - Contourite facies model with shifts according to current velocity, 
from Stow and Faugères (2008) 
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resolution records of various processes through time. They are an especially strong recorder of 
current activity, making them ideal for reconstructions of the MOW’s variability. 
Finally, some recent effort is motivated by the economic potential of contourite 
depositional complexes.  The oil and gas industry is progressively exploring deeper waters. Thus, 
their research teams are significantly more attentive to depositional systems in those regions. 
This is for good reason, considering that current facies models and samples confirm that 
contourites have characteristics favorable to the formation of reservoirs, seals, and traps (Viana 
and Rebesco, 2007).  Still, work in this field has been stalled largely due to the absence of 
indisputable criteria for identifying modern and ancient contourites. IODP Exp. 339 recovered 
thick, well-sorted contourite sands that are suited for reservoir potential, offering a promising 
future for this area of research (Expedition 339 Scientists, 2012).  
 
STUDY GOALS 
The large-scale variability of the Mediterranean Outflow Water has been relatively well 
defined, in contrast to the less frequently studied shorter scale variation of dominance between 
its upper and lower core positions (Penaud et al., 2010). This project’s objective was to employ 
mineralogy to interpret shifts in MOW position in the Gulf of Cádiz from recent to ~300 kya. 
Initial goals were defined as: 
1) Identify major terrigenous mineral phases at Site U1387 and Site U1389 
2) Interpret mineralogy to reveal sediment provenance 
3) Examine temporal variation in mineral abundance  
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GEOLOGIC SETTING 
 
 
After exiting at the Straits of Gibraltar, the MOW mixes with the North Atlantic Central 
Water and reaches a buoyant state around 1100m (Iorga and Lozier, 1999). Flowing into the 
open Atlantic, this water mass divides into an upper core and a lower core, located at water 
Figure 2 - Path taken by the MOW following exit from the Straits of Gibraltar, from IODP 
Exp. 339 Proceedings 
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depths between 400 and 1400m. The middle continental slope is split into upper and lower 
terraces, along which the two present-day cores flow (Figure 2). Notably, more mature erosional 
features and the presence of coarser-grained deposits along the lower terrace suggest stronger 
currents in the region in the past. Coupled with paleoceanographic data indicating a denser, 
deeper, and faster MOW in glacial periods, these erosional features are hypothesized to be the 
result of a period of greater dominance of the MOW’s lower core during past glacial stages 
(Hernandez-Molina et al, 2014).  
This study examined samples from two sites drilled by IODP Expedition 339: Site U1387 
(36°48.321’N; 7°43.1321’W) and Site U1389 (36°25.515′N; 7°16.683′W). Site U1387 is located 
along the upper terrace, while sediments at Site U1389 record current activity on the lower 
terrace. The succession examined at both Site U1387 and U1389 is composed of relatively 
homogenous muddy, silt, and sandy contourites characterized by bigradational grading. 
Figure 3 - IODP Expedition 339 Drill Site Locations, from IODP 339 Proceedings 
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METHODS 
Analyses were performed on 40 samples from Site U1389 and 13 samples from Site 
U1387. Site U1387 samples ranged from a depth of 45.5 to 78.9 meters below sea floor (mbsf) 
with a sampling interval of ~2.5m while those from Site U1389 ranged from 1.64 to 104.84 mbsf 
with an interval of ~2.98m. Shipboard data from Exp. 339 defined sedimentation rates using 
paleomagnetic and biostratigraphic datums. These sedimentation rates were used to construct an 
age model for sediments based on sampling depth. In the past 300 ky, rates of sedimentation at 
Site U1387 and Site U1389 remained at a constant 25 cm/ky and 40 cm/ky respectively. The 
samples from Site U1389 ranged from Recent (3.17) to 226.39 kya, while samples from Site 
U1389 ranged from 178.76 to 304.57 kya. 
Mineralogy of samples was analyzed using powder x-ray diffractometry (XRD). XRD 
technology uses X-rays that interact with a mineral’s crystal structure to define interplanar 
spacings. These spacings can be used to identify the minerals present in a sample. After being 
ground using a mortar and pestle, the powdered samples were back-loaded into random mounts, 
and analyzed using the PANalytical X’Pert Pro XRD in the Subsurface Energy Materials 
Characterization & Analysis Laboratory (SEMCAL) in the School of Earth Sciences at Ohio 
State University. Samples were scanned using Ni-filtered CuKα radiation with a step size of 
0.020°2θ from 4.0-70.0° at 2s/step. Voltage was set to 45 kV with a current of 20 mA. 
 PANalytical’s HighScore (Plus) and Data Viewer were used to establish the background 
value on diffraction profiles, as well as to assist with interpreting profiles to identify mineral 
phases present in samples. Mineral identification was supplemented with peak verification as 
defined in “Table of Key Lines in X-ray Power Diffraction Patterns of Minerals in Clays and 
Associated Rocks” (Chen, 1977).  
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The areas of the 3.04 Å calcite, 7Å chlorite/kaolinite/smectite, 4.26 Å quartz, 4.02 Å 
plagioclase, and 2.89 Å dolomite peaks were measured using HighScore (Plus). The 10 Å illite 
peak is expressed as a relatively broad, low-intensity peak in these scans. As a result, this peak 
area was measured in Data Viewer, which allows a user to select any peak manually to obtain an 
area measurement. The ratio of a mineral peak area to that of the 4.26 Å quartz peak in the same 
sample was used to provide a semiquantitative value of mineral abundance. Since this 
approximation is only relative, abundances cannot be compared between minerals. However, this 
method does permit discussion of covariations and the relative change of each mineral through 
time.  Replicate analyses were conducted for 4 samples from Site U1389 and the resulting 
analytical uncertainties are presented in Table 1. No replicates were analyzed for Site U1387, but 
analytical uncertainties from U1389 are applied to the data from U1387. 
Table 1 
Analytical uncertainty in intensity ratios - Site U1389 
Mineral Diffraction Peak (Å) Uncertainty 
Calcite 3.04 ± 5.93% 
Dolomite 2.98 ± 6.87% 
Illite 10 ± 17.89% 
Kaolinite/Chlorite/Smectite 7 ± 9.82% 
   Uncertainties are calculated for each mineral as the average of: 
[(maximum peak area ratio – mean)/mean peak are ratio] *100 
for each 4 pairs of replicate samples.  
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To examine the variation in mineral abundance over interglacial/glacial timescales, 
samples were grouped according to benthic δ18O-defined Marine Isotope Stages (MIS) (Lisiecki 
and Raymo, 2005). These groupings are presented in Appendix A. For the major terrigenous 
phases, an average mineral/quartz ratio values was calculated for each MIS. 
 
RESULTS 
Terrigenous mineral phases present at Site U1387 and Site U1389 include: quartz, calcite, 
pyrite, dolomite, illite, interstratified clays, and varieties of plagioclase and potassium feldspar. 
Aragonite was also identified, but may have a biogenic or terrigenous source. Based on initial 
results, factors such as preferred orientation, mixed-layering, and the absence of analysis 
following glycolation prohibit distinct identification of the 7Å phyllosilicates (Brindley, 1952). 
Instead, the 7Å peak is interpreted as a result of the presence of chlorite and/or kaolinite and/or 
smectite. Changes in the intensity ratios of the major terrigenous mineral phases at Site U1389 
through time are presented in Figures 4, 5, 6, and 7. Equivalent data for Site U1387 are presented 
in Figures 8, 9, 10, and 11. The area under the specific peak for each mineral is presented in 
Appendix B. Ratios of those peak areas to each sample’s 4.26Å quartz peak area are presented in 
Appendix C. Average intensity ratios, calculated by MIS groupings, are presented in Table 2.  
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Figure 4 – Illite intensity ratio over the past 
~200ky at Site U1389 
Figure 5 – Calcite intensity ratio over the 
past ~200ky at Site U1389 
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Figure 6 – 7 angstrom peak intensity ratio 
over the past ~200ky at Site U1389 
 
Figure 7 – Dolomite intensity ratio over the 
past ~200ky at Site U1389 
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Figure 9 – Calcite intensity ratio from ~178 
to ~304 kya at Site U1387 
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Figure 10 – 7 angstrom peak intensity ratio 
from ~178 to ~304 kya at Site U1387 
 
Figure 11 – Dolomite intensity ratio from ~178 
to ~304 kya at Site U1387 
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Table 2 
Marine Isotope Stage Averages - Site U1387 
MIS Calcite Dolomite Illite 7Å 
MIS 6 (n=1) 5.53 1.00 0.19* 0.43 
MIS 7 5.34* 0.96 0.39 0.37 
MIS 8 6.02* 1.07* 0.36 0.33 
MIS 9 (n=1) 7.87 0.73 0.27 0.28 
 
Marine Isotope Stage Averages - Site U1389 
MIS Calcite Dolomite Illite 7Å 
MIS 1 4.98* 0.62* 0.19 0.35* 
MIS 2 3.31* 0.90* 0.19 0.21 
MIS 3 2.65 1.52* 0.26 0.26* 
MIS 4 2.87* 1.09* 0.23 0.19* 
MIS 5 4.41* 0.76* 0.21 0.32* 
MIS 6 3.59* 0.97* 0.19 0.26* 
MIS 7 4.87 0.76 0.25 0.33 
 
*Change from average value in underlying MIS is outside analytical uncertainty 
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DISCUSSION 
 At Site U1389, the calcite/quartz and 7Å/quartz intensity ratios typically exhibit higher 
values during interglacial stages (odd numbered MIS), although this is not true for calcite/quartz 
in MIS 4 versus MIS 3. In contrast, dolomite/quartz is generally higher in glacial stages, as are 
the peak intensities of quartz. The unusually low calcite intensity ratio in MIS 3 may be due to 
high levels of climate variability during that time, characterized by abrupt warming phases called 
Dansgaard-Oeschger events (Van Meerbeeck et al., 2009).  Furthermore, this also may be due to 
the combined biogenic and detrital contribution of calcite, compared to the uniquely terrigenous 
input of the remaining minerals. The Guadalquivir River is interpreted as the primary source of 
the terrigenous minerals (Verdenius, 1970). The 7Å/quartz intensity ratio changes little from 
MIS 3 to MIS 2; this signal also may have been affected by the variability in MIS 3. Relative to 
other MIS pairs (1/2, 4/5), peak area ratios for MIS 3/4 are low and similar to one another. In 
MIS 3/4, other mineral peak ratios are similar to or greater than their values in 1/2 and 5/6, 
suggesting that terrigenous input did not decline. With this in mind, it is likely that either 
biogenic input was lower and less variable, or there was greater dissolution in this time period. 
Due to low sample sizes, interpretations are not made for MIS 6 (n=1) and MIS 9 (n=1) 
at Site U1387. In the only interglacial/glacial pair examined at Site U1387 (MIS 7/8), the 
calcite/quartz value was higher during the glacial stage. Differences in the remaining intensity 
ratios were not outside analytical uncertainty for MIS 7 and MIS 8 at this site.  
Results from both U1389 and U1387 support a consistent trend in which calcite and the 
7Å clays increase when main MOW flow is not present at that site: at U1387 during glacial 
periods and at U1389 during interglacial periods. In contrast, dolomite and quartz become more 
abundant during those times of main MOW flow at a site. This relationship suggests preferential 
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deposition of quartz and dolomite in high velocity settings, with calcite and 7Å clay deposition 
concentrated in low MOW velocity settings. This control is possibly the result of differences in 
grain size, in which coarse-grained quartz and dolomite are increasing in abundance due to 
higher-velocity conditions.  
The relationship of higher ratios for some minerals in interglacial stages is not a strong 
link. The MIS 3/MIS 4 calcite/quartz values and the MIS 2/MIS 3 values for the 7Å/quartz ratio 
could indicate the absence of a strong linkage between mineral abundance and 
glacial/interglacial stages, suggesting that mineralogy may not respond significantly on these 
timescales. This time lag may prevent the use of mineralogy as an effective proxy of bottom-
water current core location.  
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SUGGESTIONS FOR FUTURE WORK 
 While useful for analyzing trends for individual minerals, semiquantitative abundances 
are limited because abundances of different minerals cannot be compared. In future studies, 
sample preparation with an internal standard such as corundum or ZnO would provide mineral 
abundances in terms of weight percentage and permit a more robust analysis of the variation of 
minerals through time. 
Next, analysis of grain size distributions through time would serve to identify better the 
controls on preferential deposition of minerals in glacial or interglacial periods.  
 Finally, recent work (Bahr et al., 2014) has examined the use of XRF scanning data to 
reconstruct small-scale variability in bottom-water current velocity at Site U1387 in the Gulf of 
Cadiz for MIS 1–5. Their results have indicated that the Zr/Al ratio can reveal very abrupt shifts 
in current velocity due to rapid climate change events such as Greenland Stadials and 
Interstadials. Future work using these IODP cores could benefit from this type of XRF analysis 
in order to reconstruct high-resolution current velocity beyond MIS 5.  
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Appendix A 
Marine Isotope Stage Sample Groupings - Site U1387 
Marine Isotope Stage Depth (MCD) Age (kya) 
6 49.08 178.76 
7 
55.37 201.67 
56.34 205.20 
60.84 221.59 
65.41 238.24 
65.79 239.62 
66.54 242.36 
8 
69.05 251.50 
71.43 260.17 
76.42 278.34 
78.06 284.31 
79.82 290.72 
9 83.62 304.57 
 
 
 
 Marine Isotope Stage Sample Groupings - Site U1389 
 
Marine Isotope Stage Depth (MCD) Age (kya) 
1 1.64 3.17 
2.96 5.71 
2 
7.46 14.40 
9.34 18.03 
12.34 23.82 
3 
15.79 30.48 
20.1 38.80 
27.39 52.88 
4 30.04 57.99 
34.57 66.74 
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Appendix A (continued) 
Marine Isotope Stage Sample Groupings - Site U1389 
Marine Isotope Stage Depth (MCD) Age (kya) 
5 
37.64 72.66 
40.67 78.51 
44.04 85.02 
47.88 92.43 
50.89 98.24 
51.72 99.85 
54.76 105.71 
57.43 110.87 
60.68 117.14 
65.13 125.73 
6 
68.59 132.41 
73.12 141.16 
76.37 147.43 
80.79 155.97 
83.84 161.85 
86.07 166.16 
89.04 171.89 
93.39 180.29 
96.48 186.25 
98.23 189.63 
7 
101.17 195.31 
103.79 200.37 
106.47 205.54 
106.67 205.93 
109.47 211.33 
110.28 212.90 
113 218.15 
113.25 218.63 
114.75 221.53 
117.27 226.39 
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Appendix B 
Mineral Peak Areas - Site U1387 
Depth (MCD) Age (kya) Quartz Calcite Dolomite Illite 7Å 
49.08 178.76 215.82 1192.92 215.95 41.8 93.12 
55.37 201.67 265.11 948.72 202.96 83.8 131 
56.34 205.20 281.1 1254.69 368.46 150.4 82.7 
60.84 221.59 221.35 1365.3 187.11 63.8 69.7 
65.41 238.24 253.32 1331.16 213.72 69.7 60.6 
65.79 239.62 252.03 1295.67 224.12 76.8 86.6 
66.54 242.36 190.12 1412.55 209.16 123.6 98 
69.05 251.50 289.05 1253.47 335.47 112.6 62.4 
71.43 260.17 286.38 1471.76 454.64 106.2 102.2 
76.42 278.34 245.7 1252.12 272.79 111.1 95.2 
78.06 284.31 258.94 1829.84 181.89 57.1 67.4 
79.82 290.72 210.76 1787.38 167.07 78.9 86 
83.62 304.57 217.58 1711.58 158.64 58.9 60 
 
Mineral Peak Areas - Site U1389 
Depth (MCD) Age (kya) Quartz Calcite Dolomite Illite 7Å 
1.64 3.17 409.53 1314.87 176.81 35.1 58.9 
2.96 5.71 228.53 1543.19 183.21 66.7 128.5 
7.46 14.40 342.48 1014.12 267.75 79.4 62.5 
9.34 18.03 331.43 1076.29 239.13 30.6 60.2 
12.34 23.82 337.8 1256.13 400.91 79 86.2 
15.79 30.48 374.83 1256.16 632.49 164 122.9 
20.1 38.80 497.18 1162.46 845.61 88.8 113.2 
27.39 52.88 450.45 1018.74 525.24 76 96.1 
30.04 57.99 524.77 1004.92 649.02 147.1 75.9 
34.57 66.74 317.82 1216.53 300.43 55.9 73.4 
37.64 72.66 358.24 1191.29 296.28 67.1 100.6 
40.67 78.51 368.56 992.23 377.79 104 91.2 
44.04 85.02 344.3 1114.89 250.83 37.9 54.4 
47.88 92.43 244.36 1363.38 156.66 50.6 91.4 
50.89 98.24 372.55 975.18 438.02 91.2 67.4 
51.72 99.85 316.65 1125.89 107.24 33 73.2 
54.76 105.71 273.89 1396.53 199.2 26.5 90.9 
57.43 110.87 207.62 1271.04 172.74 59.9 126.5 
60.68 117.14 327.21 1452.2 251.25 107.2 107.4 
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Appendix B (continued) 
Mineral Peak Areas - Site U1389 
Depth (MCD) Age (kya) Quartz Calcite Dolomite Illite 7Å 
65.13 125.73 191.61 1417.98 103.79 50 89.4 
68.59 132.41 389.61 1281.1 440.68 84.7 80.1 
73.12 141.16 422.13 1231.85 414.54 77.6 109.6 
76.37 147.43 382.35 1214.47 298.46 77 91.2 
80.79 155.97 219.32 1082.85 180.33 53.1 96.8 
83.84 161.85 286.15 1021.2 262.41 43.1 74 
86.07 166.16 363 1212.71 424.8 106.4 118.6 
89.04 171.89 350.63 1047.12 322.17 65.9 68.1 
93.39 180.29 275.71 1057.32 167.88 57.1 58.9 
96.48 186.25 317.65 1241.7 570.65 44.3 68.3 
98.23 189.63 338.31 1339.86 197.22 40.6 78.8 
101.17 195.31 171.83 1235.82 96.9 65.4 85 
103.79 200.37 354.82 944.16 224.97 40 44.3 
106.47 205.54 342.43 1555.76 220.66 44.6 57.3 
106.67 205.93 341.55 1389.99 354.58 74.6 78.4 
109.47 211.33 191.16 1205.58 158.27 34.7 90.5 
110.28 212.90 332.82 1134.94 356.45 78.9 84.4 
113 218.15 253.8 782.3 220.95 63 69.8 
113.25 218.63 243.58 1138.47 117.83 81.2 98.6 
114.75 221.53 250.48 1502.84 238.86 56.9 112.9 
117.27 226.39 220.77 1484.57 106.88 86.5 86.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
 23 
Appendix C 
Mineral/Quartz Ratios - Site U1387 
Depth (MCD) Age (kya) Calcite/Qtz Dolomite/Qtz Illite/Qtz 7Å/Qtz 
49.08 178.76 5.53 1.00 0.19 0.43 
55.37 201.67 3.58 0.77 0.32 0.49 
56.34 205.20 4.46 1.31 0.54 0.29 
60.84 221.59 6.17 0.85 0.29 0.31 
65.41 238.24 5.25 0.84 0.28 0.24 
65.79 239.62 5.14 0.89 0.30 0.34 
66.54 242.36 7.43 1.10 0.65 0.52 
69.05 251.50 4.34 1.16 0.39 0.22 
71.43 260.17 5.14 1.59 0.37 0.36 
76.42 278.34 5.10 1.11 0.45 0.39 
78.06 284.31 7.07 0.70 0.22 0.26 
79.82 290.72 8.48 0.79 0.37 0.41 
83.62 304.57 7.87 0.73 0.27 0.28 
 
 
Mineral/Quartz Ratios - Site U1389 
Depth (MCD) Age (kya) Calcite/Qtz Dolomite/Qtz Illite/Qtz 7Å 
1.64 3.17 3.21 0.43 0.09 0.14 
2.96 5.71 6.75 0.80 0.29 0.56 
7.46 14.40 2.96 0.78 0.23 0.18 
9.34 18.03 3.25 0.72 0.09 0.18 
12.34 23.82 3.72 1.19 0.23 0.26 
15.79 30.48 3.35 1.69 0.44 0.33 
20.1 38.80 2.34 1.70 0.18 0.23 
27.39 52.88 2.26 1.17 0.17 0.21 
30.04 57.99 1.91 1.24 0.28 0.14 
34.57 66.74 3.83 0.95 0.18 0.23 
37.64 72.66 3.33 0.83 0.19 0.28 
40.67 78.51 2.69 1.03 0.28 0.25 
44.04 85.02 3.24 0.73 0.11 0.16 
47.88 92.43 5.58 0.64 0.21 0.37 
50.89 98.24 2.62 1.18 0.24 0.18 
51.72 99.85 3.56 0.34 0.10 0.23 
54.76 105.71 5.10 0.73 0.10 0.33 
57.43 110.87 6.12 0.83 0.29 0.61 
60.68 117.14 4.44 0.77 0.33 0.33 
65.13 125.73 7.40 0.54 0.26 0.47 
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Appendix C (continued) 
Mineral/Quartz Ratios - Site U1389 
Depth (MCD) Age (kya) Calcite/Qtz Dolomite/Qtz Illite/Qtz 7Å 
68.59 132.41 3.29 1.13 0.22 0.21 
73.12 141.16 2.92 0.98 0.18 0.26 
76.37 147.43 3.18 0.78 0.20 0.24 
80.79 155.97 4.94 0.82 0.24 0.44 
83.84 161.85 3.57 0.92 0.15 0.26 
86.07 166.16 3.34 1.17 0.29 0.33 
89.04 171.89 2.99 0.92 0.19 0.19 
93.39 180.29 3.83 0.61 0.21 0.21 
96.48 186.25 3.91 1.80 0.14 0.22 
98.23 189.63 3.96 0.58 0.12 0.23 
101.17 195.31 7.19 0.56 0.38 0.49 
103.79 200.37 2.66 0.63 0.11 0.12 
106.47 205.54 4.54 0.64 0.13 0.17 
106.67 205.93 4.07 1.04 0.22 0.23 
109.47 211.33 6.31 0.83 0.18 0.47 
110.28 212.90 3.41 1.07 0.24 0.25 
113 218.15 3.08 0.87 0.25 0.28 
113.25 218.63 4.67 0.48 0.33 0.40 
114.75 221.53 6.00 0.95 0.23 0.45 
117.27 226.39 6.72 0.48 0.39 0.39 
 
 
 
 
 
 
 
 
 
 
 
